A simple, selective, precise, and accurate thin-layer chromatographic (TLC) image analytical method was developed and validated for simultaneous quantification of the major components in the root extracts of Stemona. tuberosa (tuberostemonine, tuberostemonine N and neotuberostemonine)), and S. phyllantha (tuberostemonine and tuberostemonine A). The analysis was performed by TLC on silica gel 60 F 254 aluminum plates using a mixture of dichloromethane: ethyl acetate: methanol: ammonium hydroxide (50:45:4:1) as mobile phase. Post-derivatization was employed by dipping the TLC plate into Dragendorff's reagent to visualize the spots. Image analysis of the scanned TLC plate was performed to detect the contents of tuberostemonine derivatives. The polynomial regression data for the calibration plots showed good linear relationships within the concentration range of 2-7 µg/spot. The method gave satisfactory precision, accuracy, selectivity and could simultaneously quantify tuberostemonine, tuberostemonine A, tuberostemonine N and neotuberostemonine. Dried powdered roots of S. tuberosa grown in Thailand contained 1.31 + 0.28, 1.63 + 0.18 and 1.24 + 0.27% tuberostemonine, tuberostemonine N, and neotuberostemonine (dry weight), respectively, while S. phyllantha roots contained 1.39 + 0.14% tuberostemonine and 0.39 + 0.08 % tuberostemonine A (dry weight). The proposed method was simple, inexpensive, and more accessible to apply for many local authorities and small laboratories.
Stemona plants have been traditionally used as natural pesticides and medicinal plants for the treatment of skin and respiratory diseases in many Southeast Asian countries [1] [2] [3] . A recent taxonomic revision indicates that Stemona in Thailand comprises 11 species [4] [5] . However, various Stemona species have been known by the same vernacular name because of their similar root shape [1, 6] . The inconsistency of the proper Stemona species has led to confusion in quality control of authentic plant material in agricultural and pharmaceutical product developments.
In Thailand, S. tuberosa and its closely related species S. phyllantha are the prominent species known as female Non Tai Yak ("Non Tai Yak Tau Mea" in Thai). They are frequently used in traditional preparations as anti-cancer drugs and for treatment of respiratory diseases. S. tuberosa is also officially listed in the Chinese pharmacopoeia as an antitussive drug [7] . Several biological properties of S. tuberosa such as antitussive activity [8] [9] [10] [11] [12] and cytotoxicity against human medullary thyroid carcinoma cell lines [13] [14] were reported. The roots contain tuberostemonine alkaloid derivatives such as tuberostemonine, tuberostemonine A, tuberostemonine K, tuberostemonine N and neotuberostemonine as major components [15] [16] [17] . These compounds are nonchromophoric alkaloids.
While an infraspecific variation of chemical constituents was found in S. tuberosa [16] [17] , a simple analytical method is needed to ensure its quality and efficiency. Due to the non-chromophoric structures of tuberostemonine alkaloids, analytical techniques with UV-detection cannot be applied. A validated HPLC-ELSD method was used to quantify the bioactive components of Stemona species [18] . However, this analytical instrument is quite expensive and expertise is required. Therefore, this study aimed to develop a TLCimage analysis for the quantification of tuberostemonine alkaloids in S. tuberosa and S. phyllantha. The proposed method was simple, Structures of tuberostemonine (1), tuberostemonine A (2), tuberostemonine N (3), and neotuberostemonine (4) inexpensive and more suitable for use by many local authorities and small laboratories.
The method was modified from the previous report [16] to achieve optimum separation. From several trials, the mobile phase dichloromethane-ethyl acetate-methanol-ammonium hydroxide (50:45:4:1, v/v/v/v) gave the best separation of tuberostemonine (1), tuberostemonine A (2), tuberostemonine N (3), and neotuberostemonine (4) , with R f values of 0.45, 0.89, 0.22, and 0.55, respectively. Dragendorff's reagent was used as a dipping reagent because of its sensitivity, low cost, and ability to react at room temperature [19] . This reagent produced an orange-red color over a yellow background by precipitation of tuberostemonine bismuth iodides. The selective reaction of Dragendorff's reagent to nitrogen containing compounds enabled determination of a particular compound in the analyzed matrices without interference from matrix components. The calibration curves were plotted from response, as peak area, and concentration. The polynomial regression data showed good linear relationship over the range of 2-7 µg/spot for compounds 1 -4.
Correlation coefficients ranged from 0.9957 to 0.9996 and determination coefficients from 0.9915 to 0.9991 ( Table 1 ). The precision of the method is the consistency of results among replicate analyses ( Table 2) . RSD values were in the range of 5.29-14.80%. The accuracy of the method was determined from the recovery obtained by spiking a sample with three different concentrations of standards. The average recovery is presented in Table 3 . These values indicated the accuracy of the method. The values obtained for the limits of detection (LOD) and quantitation (LOQ) are indicative of the sensitivity of the method. LOD and LOQ for all of the compounds ranged from 0.55 to 0.69 and 1.84 to 2.30 µg per spot, respectively ( Table 1 ).
The proposed method was used to determine the contents of tuberostemonine, tuberostemonine A, tuberostemonine N, and neotuberostemonine in two extracts of S. tuberosa and four of S. phyllantha roots collected from different locations in Thailand. Both samples of S. tuberosa roots showed identical TLC-chromatograms with three major spots of tuberostemonine, tuberostemonine N and neotuberostemonine, while all extracts from S. phyllantha roots showed tuberostemonine as the major compound and tuberostemonine A as the minor one. The contents of tuberostemonine, tuberostemonine N and neotuberostemonine in the dried root powder of S. tuberosa ranged from 1.11 to 1.51% (average 1.31%), 1.50 to 1.77% (average 1.63%), and 1.05 to 1.43% (average 1.24%), while the contents of tuberostemonine and tuberostemonine A in the dried root powder of S. phyllantha ranged from 1.22 to 1.57% (average 1.39%) and 0.27 to 0.46% (average 0.39%), w/w, respectively ( Table 4 ). The proposed TLC-image analytical method was simple, precise, selective, accurate, and could simultaneously analyze many samples. It could be used for quality control of raw materials, extracts, and products containing these Stemona alkaloids.
Experimental
Plant materials: Two samples of S. tuberosa and 4 of S. phyllantha were collected from several locations in Thailand (Table 1) . VC001, VC005, and VC022 were obtained from the cultivated farm at National Corn and Sorghum Research Center "Rai Su Wan" of Kasetsart University, Nakhon Ratchasima province, Thailand, while three samples of S. phyllantha (SPH001-003) were collected from natural habitats in Thailand during February -April 2010. The samples were identified by Dr Srunya Vajrodaya, Faculty of Botany, Kasetsart University and the voucher specimens were deposited at the Department of Pharmacognosy, Faculty of Pharmacy, Mahidol University, Bangkok, Thailand. Each sample was washed thoroughly with tap water, cut into small pieces and dried in a hot air oven at 50°C for 72 h. Each dried sample was ground into powder, passed through a sieve (60 mesh) and stored in an air-tight container at room temperature (28-30°C) protected from light.
Chemicals and reagents:
All reagents and solvents were of analytical grade. TLC was performed on silica gel GF 254 plates (Merck). Pure tuberostemonine (1), tuberostemonine A (2), tuberostemonine N (3), and neotuberostemonine (4), isolated and identified in our previous work [15] , were used as standard compounds.
Stock and working solution of standards:
Stock solutions of compounds 1-4 were prepared by dissolving each standard compound in acetonitrile in a volumetric flask to make a concentration of 1000 µg/mL. Working standard solutions were prepared by suitable dilution of the stock solution with acetonitrile or methanol.
Sample preparation:
Each sample was accurately weighed (500 mg) and exhaustively extracted (monitored by TLC) by sonication with methanol (3 x 7 mL) in an ultrasonic bath, each for 30 min. The methanol extracts were combined and adjusted with methanol to 25 mL in a volumetric flask. The solution was filtered using a 0.45 µm nylon membrane filter before being applied to the TLC plate. Each sample was prepared and analyzed in triplicate.
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Sample/Location (floristic region a ) Content (% w/w) b Tuberostemonine Tuberostemonine A Tuberostemonine N Neotuberostemonine

Chromatographic conditions:
The analysis was performed on TLC silica gel 60 F 254 aluminum plates (20 x 10 cm, 0.25 mm thickness). A standard or sample solution was applied as a 5 mm band onto a TLC plate using a Linomat 5 automatic sample spotter. The plate was developed to a distance of 8.0 cm in a TLC chamber previously saturated with dichloromethane-ethyl acetate-methanol-ammonium hydroxide (50:45:4:1) for 30 min.
TLC-image analysis:
The developed TLC plate was air-dried at room temperature, then dipped into Dragendorff's reagent [20] and air-dried in a fume hood for 10 min before scanning with a digital scanner (Hewlett Packard Deskjet F370 All-in-One Printer) at a resolution of 200 dpi. The color image of the plate was saved as a joint photographic experts group (JPEG) file. The JPEG file was converted to a cpf file using winCATS software version 1.2.6 (CAMAG, Switzerland). The image file was loaded into VideoScan TLC/HPTLC Evaluation Software version 1.01.00 (CAMAG, Switzerland) for the image-densitometric analysis. Six-point calibration was performed for each analysis by the proposed method. The amounts of compounds 1-4 were calculated via peak area using the calibration graph.
Method validation:
The analytical method was validated for linearity, precision, accuracy, limit of detection (LOD), and limit of quantitation (LOQ) according to the ICH guideline [21] .
Linearity: Linearity was determined by using a standard solution in methanol. Two to 7 µL of working standard solution were spotted on a TLC plate to obtain the calibration range of 2-7 µg/spot. The calibration graphs were obtained by plotting the peak area versus the concentration of each standard solution.
Precision: The precision was determined by analyzing 3, 4, and 5 µg/spot of each standard solution after application to a TLC plate. Repeatability was determined by 4 analyses on the same day for intraday precision and on 3 different days for interday precision by the proposed method. The precision was expressed as percent relative standard deviation (%RSD).
Accuracy: The accuracy of the method was tested by performing recovery studies at 3 levels of each standard added to the sample. The solutions were applied to a TLC plate and analyzed by the proposed method. Three determinations were performed for each concentration level of the standards. The recovery and average recovery were calculated as: recovery (%) = 100  (amount foundoriginal amount) / amount spiked.
LOD and LOQ:
In order to determine LOD and LOQ, specific calibration curves were prepared. The LOD and LOQ were determined from the formulae 3.3 SD/S and 10SD/S, where SD was the residual standard deviation of the regression line and S corresponded to the mean value of the slope.
